Single-cell RNA-Seq
Since the T cells are smaller and contain less amount of RNA compared with regular mammalian cells, we first optimized the protocol to get the best quality of cDNA library from each single T cells. The single-cell RNA-Seq method was adjusted from the original SMART Seq-2 protocol(2) with some minor modification in lysis buffer, reverse transcription and PCR stage. Briefly, single T cells were FACS sorted into a 96-well PCR plate containing 5 µl of lysis buffer. The lysis buffer contained 0.08% Triton X-100 (10%) from Sigma BioUltra, 0.8 U/ml Recombinant RNase Inhibitor (TaKaRa), 2 mM of Oligo-dT30VN (5′ AAGCAGTGGTATCAACGCAGAGTACT30VN-3′), 2 mM of dNTP mix (Fermentas) and add nuclease-free water to make 5 µl of total reaction volume per reaction. We diluted the external RNA control ERCC RNA Spike-In mix into 1:10 6 with RNase/DNase free water (from 1 µl of original stock) (ThermoFisher Scinetific) and added the required volume to the lysis master mix, which is given finally a known number of molecules (~5000 molecules) per well to observe the technical variability between the wells of the same plate and between the plates. It will also help to compare the technical variability between the donors. The cells were sorted into the 96 well plates and make the necessary set up of the FACS machine to ensure that cells ended in the lysis buffer. In reverse transcription (RT) stage, the RT mixed consist of 2X of 5XSMART First Strand Buffer (Clontech), 10 mM of DTT, 2 mM of TSO_SMART (5′-AAGCAGTGGTATCAACGCAGAGTACATrGrG+G-3′ , 20U/ml of SMARTScribe (Clontech), 2U/ml Recombinant RNase Inhibitor (TaKaRa) and then added nuclease-free water to make final volume 5 ml in total. We just then followed the RT cycles from SMART Seq-2 method. We performed the same PCR reaction mix as it is in SMARTSeq 2 protocol and 22 PCR cycles have performed. Quality of the cDNA library was checked using High-Sensitivity DNA chip (Agilent Bioanalyzer). By considering the cost of bioanalyzer chip and the number of cells of each plate, we processed randomly two High-Sensitive chips from each plate to ensure the quality of the library.
Tagmentation:
Final libraries were prepared using Nextera XT library prep kit (96 index primers, Illumina) protocol. Since the Nextera XT kit is very sensitive to the concentration of cDNA, we screen pre-amplified cDNA library of all plates using Qubit dsDNA HS Assay kit and take 100-125 pg cDNA from each positive wells to further process the tagmentation. Tagmentation and indexing protocol were the same as it is in the SMARTSeq2 protocol. After tagmentation, we amplified 12 more PCR cycles to further enriched pre-amplified tagmented DNA. The quality of tagmented library was also randomly checked (1 chip per 96 well plate) using High-Sensitivity Bioanalyzer chip. 96 single cell libraries were pooled in a single 1.5 ml tube and the concentration were checked using Qubit High-Sensitivity DNA kit. The library size of the final pooled library was also checked with the High-Sensitive DNA chip. The calculated concentration of the final pooled library were diluted to 2 nM using elution buffer (Qiagen) and 10 pM were loaded on an Illumina HiSeq 2500 instrument for the sequencing. Libraries were sequenced to obtain 64 bp pair-end reads (TruSeq Rapid kit, Illumina) with 16 more cycles for i5 and i7 indexing. After sequencing, we got ~3 million pass filter reads in average per single cells.
Sequencing of single cell TCRs
Single cells were sorted into 96-well plates containing 12μl of oneSTEP RT reaction buffer (Qiagen). The cells were then amplified for TCR β and TCR α sequence, using multiplex primers, a DNA-nesting and multiplex process by our methods previously described (3) . During the PCR priming, DNA multiplex barcodes were attached to each amplicon such that 96-well plates of single cells were processed on a single MiSeq 2x300bp sequencing run.
Sequencing cost breakdown
The cost of reagents to generate cDNA from a single cell is around $4/cell. The cost from cDNA to TCR sequence is ~$2/cell, which will vary depending on how many plates one can pool in a single sample for MiSeq sequencing. We used Nextera XT for tagmentation, which is $15/cell and should not vary. Sequencing ~2 million paired-end reads/cell costs ~$17/cell and should vary based on including more/fewer reads or only sequencing single ends.
We calculated the hypothetical cost of scRNA-seq for all singlets by multiplying the number of singlets (1, 783 ) and the cost of sequencing and tagmentation ($32), to get a value of $57,056.
Computational analysis of single cell TCR sequences
Fastq reads were paired-end assembled and converted to fasta. The fasta sequence files were demultiplexed to assign every read to a plate and well. All reads were separated into subsets of 10k reads or less per file. Each file was submitted for parallel analysis using the previously described VDJFasta algorithm (3) . The total population of reads is analyzed within each given well, identifying a single cell only if empirically determined boundary cutoffs of dominance for a single TCRβ and TCRα clone are encountered, as previously reported (3). The resulting full sequence for the TCRα chain(s) and TCRβ chain are then combined with any index FACS phenotypic markers specific to these single cells.
TCR-clone annotation
We assigned each cell a clone size based on the number of cells with an identical alpha and beta TCR sequence, using all sequenced TCRs (Table S1 ). However, we sorted many conventional cells that had matching beta sequences but where the alpha sequence was not detected, thus we annotated these as from the same clone and quantified the clone size as mentioned above. Indeed, only one conventional cell had a beta sequence that matched a clonal beta sequence, but had a different alpha sequence. However, to ensure the validity of our assumption, we applied TraCeR 16 , a computational method to reconstruct the TCR sequence from scRNA-Seq data, and for these unknown alpha sequences detected by TraCeR, all but one sequence corroborated our assumption (19/20; 30 undetected). Final clone size annotation is including in Supplemental Table 2 .
RNA-Seq Processing
The resulting paired end, non-strand-specific mature RNA-seq reads were trimmed using fastq-mcf from ea-utils(5) in order to remove low quality bases and adapter sequences, with default parameters and a quality threshold of 20. The resulting trimmed reads were then aligned to the human reference genome (ENSEMBL release 75), with the ERCC sequences appended(6), using TopHat(7). Duplicate reads were then removed using the MarkDuplicates tool from Picard Tools (http://broadinstitute.github.io/picard). Gene count quantification was assigned with HTSeq(8) on a flattened gtf file generated by dexseq_prepare.py from DEXseq(9).
Quality Control and Data Analysis
Quality control closely followed the workflow as outlined in Lun et al. We removed cells that were more than 3 median absolute deviations below the median log value for library size, number of genes detected, and proportion of reads that map to spike-in transcripts. Normalization was completed with genes that had an average read count of 1 across all cells producing an expression matrix consisting of 921 cells and 11,000 genes. The log transformed count normalization was calculated by pooling multiple cells before size factor normalization (10, 11) . Highly variable genes (n=2,281) were calculated as outlined in Lun et al., 2016 with false discovery rate of 10% and a biological component to be greater than or equal to 50%. All analysis was restricted to the highly variable genes (or a subset of these genes, as mentioned in the text) except the heatmap in Figure 1F , which used all 11,000 genes that had an average count of 1 across all cells. For gene-set expression analysis in Figure 5A -C, expression values were further normalized by subtracting the mean cell expression value from each gene in that cell to mitigate the genes detected-PC1 correlation. Differential gene expression analysis was done with scde(12) on highly variable genes.
Processing of external scRNA-seq and TCR data Zheng et al. (13) raw count table was downloaded from GSE98638, and processed with the simpleSingleCell workflow (14) to get a normalized expression matrix and highly variable genes. The donor contribution was removed with the removeBatchEffect function. The clone size annotation for each cell was downloaded from supplemental material. Reinius et al. (15) : as in Zheng et al. (13) , but from GSE75659, and there was no donor-confounder to remove.
Ex vivo proliferation assay
For the 5,6-carboxyfluorescein diacetate succinimidyl ester (CFSE) dilution assay, overnight-rested cryopreserved peripheral blood mononuclear cells (PBMCs) were washed, resuspended at 10 7 /ml in phosphate-buffered saline, and incubated for 7 min at 37°C with 5 μM CFSE (Lifetechnologies). The reaction was then quenched with 1 volume of fetal calf serum, and the cells were washed twice in PBS and once in complete medium. Then cells were plated at 2 × 10 6 cells/ml and stimulated with Mtb lysate (10 µg/ml), or CMV pp65 peptide pool (1 µg/ml). After stimulation, cells were harvested and stained with CD137 and CD25, and sorted as CD8 + CD137 + CD25 + and CD8 + CD137 + CD25-with a BD Aria cell sorter. 200 antigen specific cells were sorted for each condition. Meanwhile, Feeder cells were prepared from autologous PBMC irradiated with 6000 rads in a cesium-137 irradiator. 2X10 5 feeder cells were added to each well in the presence of different concentrations of IL-2 (Peprotech) and 1 µg/ml pp65 peptide pool. In addition, 5µg/ml phytohaemagglutinin (PHA) or 1µg/ml anti-CD3/28 antibody was added as positive control. Cells were cultured in incubator for 7 days before analyzing on flow cytometry. D   TRAV1-2  TRAV10  TRAV19  TRAV6  TRAV8-4  TRAV8-6  TRAV16  TRAV2  TRAV29/DV5  TRAV13-2  TRAV4  TRAV13-1  TRAV25   TRAV38-2  TRAV26-2  TRAV13-2  TRAV19  TRAV29  TRAV13-1  TRAV24  TRAV8-3  TRAV1-2  TRAV12-2  TRAV2  TRAV25  TRAV26-1   TRBV6-4  TRBV25-1  TRBV6-2  TRBV6-1  TRBV20-1  TRBV4-2  TRBV4-3  TRBV6-5  TRBV24-1  TRBV10-3  TRBV30  TRBV12-5  TRBV29-1   TRBV12-3  TRBV10-3  TRBV19  TRBV6-5  TRBV10-2  TRBV20-1  TRBV30  TRBV7-2  TRBV6-2  TRBV27  TRBV5-1  TRBV13  TRBV7- Figure 4A and C, except with normalized Gene Ontology-defined gene set expression.
(H-J) As in Figure 4F and G, except with gene expression from each co-receptor list 43split into groups based on clone size. CNTRL represents non-activated cells. Each boxplot represents the median (center line), the first quartiles and the third quartiles (box limits), and 1.5 times the interquartile range (whiskers). 
